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EFFECT OF PHARMACOLOGIC AGENTS ON HUMAN KERATINOCYTE 
MITOSIS IN VITRO 
III. Inhibition by Histamine and Methylated Analogs 
ROBERT A. HARPER , PH.D., AND B. ALLI~N FLAXMAN, M.D ' 
Temple Uniuersity Hea lth Sciences Center. Skin and Cancer Hospita l of Philadelphia. 
Philadelphio. Pennsyluania 
K eratinocytes fro m normal human skin were propagated in vitro. Hista mine at 2 x 10- 0 M 
inhibited mitosis 68 %. The s ide-chain methy lated a na logs, n -methy lhista mine and n,n-
dimethy lhi s ta mine, produced a n inhibit ory response of 53 and 60 %, respective ly, at 1 x 10- 6 
M . The s ide-cha in acetylated a nalog, n -acetylhista mine, did not e li c it a n inhibitory res ponse 
in con centrat ions as hi gh as 1 x 10- 4 M. The ring-methy lated a nalogs , I-melhy lhistamine 
and 4-methylhista mine, produced so m e degree of mitotic inhibition at 1 x 10- " M. Wh en the 
H, -blockin g agent. pyrilamine, or the H 2-blockin g agent, m etiam ide . was added in 
conjunction wi th hi sta mine. the hista mine- indu ced mitot ic inhibition was aboli s hed. These 
d ata indi cate that hum a n keratinocytes may possess recep tors for hi stamine whi ch could 
playa role in the regul at ion of human kerat inocyte pro lifera tion in vivo . 
For decades hi sta mine has been known to occ ur 
in the skin of m a mmals, m a inly be in g loca ted in 
mast ce lls of the dermis [1] . Much ev idence 
indi cates that histamine is a vasod il ator in volved 
in t he pathoge nes is of normal infla mma tory re-
s ponses and urticaria [2,3 ]. While a specific func-
t ion for histamine in the phys iologic beha vior of 
epidermis has not been estab lished , it was reported 
by Voorhees et a l [4] that histamine in hi gh 
concentratiol1s (3.5 x 10- 2 M) stimulated rat 
epidermal mitoses in v itro. Data were presented to 
s uppor t t he hy pothesi s t hat t he in creased mitoses 
were due to a d ecrease in the concentration of 
in tracellu lar cycl ic AMP caused by hi sta mine 
stimulation of the soluble ep idermal cycli c AMP 
phosphodiesterase . These sam e a uthors later re-
ported t hat hi stamine sti mulation of ra t epiderm a l 
mitos is m ay not be related to decreased cycl ic 
AMP levels, but rather to increased synthes is of 
cycl ic GMP [5 l. 
In a n ea rli er paper, we reported a contra ry 
observation , nam ely that histam ine inhibited the 
fl ow of humfln keratinocytes in vitro through the 
G 2 part of t he ce ll cycle [61. W e ha ve now verified 
that observation a nd , in addition, have shown t ha t 
(1) neither precursor m olecule nor breakd own 
produ ts exhibit activi ty at compara ble con centra-
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tions of hi stamine , (2) the methy la ted s ide-c ha in 
d eri vatives retain ful l act ivity while t he rin g-
m ethy lated a nalogs d o not, a nd (3 ) the b loc k in G 2 
m ay be mediated by hi sta mine recep tors. 
MATERIALS AND METHODS 
Normal hu man skin was obtained at surgery and 
primary outgrowth cultures of epiderm al keratinocytes 
were made from exp lants according to a method de-
scribed elsewhere [7 J. Each explan t gives rise to an 
outgrow ing sheet of epithelial ce lls whose origin from 
epiderma l keratinocy tes has previously been demon-
strated [7,8]. The ce ll s are propagated in Eagle's mini -
mum essent ial medium containing 1O % feta l ca lf ser um 
plus 100 Ul ml each of pen icillin , streptomycin , and 
mycostatin . After 7 to 10 days in culture approx im ately 
200,000 cells are present in each di sh. Cultures are 
maintained at 37°C in a hi gh-humidity incubator in a 
mixture of 5% CO, in a ir. 
To study the effect of hista min e and related com-
pound s on mitosis, a 4- hr in vitro metaphase collect ion 
assay was employed. Each compound \Va dissolved in 
culture fluid and an appropriate a liquot, never more than 
1 % of the total volume, was added to each dish to achieve 
the desired concentration . The meta phase arrest agent, 
Colce mid (3.5 IL g/m l ) was added along with each tes t 
compound . After 4 hr the cul tures were fixed in 10% 
buffered formalin , the ex plants removed from the cover-
slips, and the outgrowths sta ined in acid hematoxylin . 
Controls containing only Colcemid were run wi th each 
experiment. To determine the mitotic index (M.l. ), the 
entire number of arres ted metaphases is counted in each 
outgrowth. The tot al number of ce lls in each outgrowth is 
determined by the method of Chopra [9J. The M.l. is 
expressed as the num ber of arrested metaphases per 1000 
cells. S ince the assay covers on ly a 4-hr period and G2 is 
known to be at least 7 hr in this system [10], any effect on 
the M.1. is probably due to inhibition in G,. For each dish 
the M.l. was obtained for each outgrowth and then the 
mean M.1. and standard devia tion were ca lcu lated . The 
400 
Oct . 1975 
statist ica l s i ~nifi can ce 0 (" the data ob tained for each 
ex peri men t was eva lu ated by using S tu dent's t-tes t for 
un pa ired data. The data in the Tab les represent one 
ex per imen t for each concentration lis ted . However. fo r 
each compound tested at t he va ri ous concen t rat ions, two 
or m ore experim en ts were ca rried out us in g skin obta ined 
from different pa tients. Du e to norm a l flu ctuations in 
d onor skin metabolism . contro l va lu es va ry fro m experi -
me nt to ex perim ent. However, the fin a l results (% 
inhibi t ion) were con i ·tent within the ex perimenta l error 
of the biologic assay . To stud y the effec t of hi sta mine-
blocking agen ts. the blocking agen t was added to t.he 
cul t ure I ~ hr before addi t ion of the a mine a nd Colce mid 
for t he usua l 4 hr . 
Hi s ta mine dihydrochlor ide was pu rchased from Sigma 
Che mica l Co. (S t. Louis, Mo.). Py rilam in e a nd meti-
a mi de were gifts from Dr. Ma rsha ll Guthrie ( mith , Klin e 
a nd French Laboratories, P hilade lphia. Pa .); n- methyl-
hi s ta mine, n ,n -d imethy lhista mine. a nd 4- methylhista-
min e were kindly supplied to us by Dr. W. A. M . Dun ca n 
(S mi t h, Kline a nd French La bora tories, E ngla nd ); a nd 
I- m ethylhista mine a nd n -acetylh is ta mine were pur-
c hased fro m Ca lbiochem. (San Di ego, Ca l. ). 
RESU LTS 
A t concentr a ti ons ra nging fr om 2 A 10- 2 to 2 A 
10- 6 M , hi sta mine subs ta nti a ll y inhibited t he pro-
gress ion of ce ll s t hrough G 2 (T a b . 0 . The max-
imum inhibi t ion t hat could be obta ined was 68 % at 
2 x 10- 6 M . The leve l of inhibi t ion d ropped to zero 
at 2 x 10- 8 M . Va ri ous imidazo le- re lated com-
pounds had no effect on inhibi t ing mi tosis at 
concen t rations compa ra ble to t hat of hi sta mine 
(T a b. II) . Imidazo le itse lf did inhibi t mi tos is a 1 x 
10- 3 M , but t hi s ac tivi ty dropped to zero at 1 x 10- " 
M. 
The s ide-cha in methyl d eri va ti ves. n. -methy lhi s-
tamine and n. ,n -dim ethylhi s ta mine, produ ced mi -
to ti c inhi bition compara ble to hi sta mine (Ta b . 
III) . It would a ppear tha t t he two side-cha in 
d e rivatives produ ce compara ble inhibi t ion of ce lls 
in G 2 • The acety lated s ide-c ha in a na log. n -acety l-
T ABLE I. Effect of h is tamine on human Il€ra tinocyte 
m itosis in uitro" 
Hista mine M.I. ' ± SO Percent 
Conc (M) Control Tes t Inhibition 
2 X 10- 7 19.5 S.2 6.S ± 2.6 67 
(p < 0.00 1) 
2 X 10- ' 20.2 ± 2.7 7.4 0.8 63 
(p < 0.00 1) 
2 X 10- ' 20 .2 ± 2.7 6.4 3.S 68 
(p < 0.001) 
2 X 10- 7 20.2 ± 2.7 14.7 ± 1.1 27 
(p < O.OOS) 
2 X 10- ' 20.2 ± 2.7 22 .8 ± 4.0 o ( (2) 
(p > 0.IS0) 
a For norm a l skin p values < 0.05 are considered to be 
statistica lly s ignifi cant. 
b M .l. (mito t ic index) is the propor t ion of arrested 
metaphases per 1000 cells accumul ated during the 4- hr 
period following Colcemid t rea tm ent. 
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hi stam ine. produced no mitot ic inh ib it ion even a t 
concen t rat ions as high as 1 " 10- ' M. T he rin g-
methy lated deri vat ives exhi bi t some degree of 
ac ti v it y of 1 x 10- ' M; however. t hi s decreases to a 
res idua l leve l at 1 A 10- 5 M. 
At a concen tration of 1 x 10- 6 M, t he H I-b lock-
ing age n t, pyril a mine, a nd the H 2 -blocking agen t. 
me ti a mide, ex hibi ted no mito ti c inhibition . When 
e it her of t hese blocking agents was added in con-
junct ion wi t h hi ta mine, t he hi sta mine- ind uced 
inhibi t ion was effect i ve l~1 a boli shed (Tab. IV) . 
DISCUSSION 
T here was a striking diffe rence in respo n e to 
hi ::;tamine between t he rat ep iderma l in vit ro 
sys tem a nd our hum an kerat inocyte in vit ro sys-
te m . As ment.ioned prev ious ly, in ra t ep idermis. 
hi sta mine stimulates mi tos is e it her by act ing on 
t he cycl ic AM P or cycl ic G M P system [4 ,5 ]. 
However, in our huma n ce ll system, hista mine 
ex hibi ted s trong inhibition of mitos is in concen t ra-
t ions from 2 x 10- 2 M to 2 x 10 - 6 M . The reason for 
t his " spec ies" d ifference may be re lated to t he 
expe rimen ta l mode ls employed. We a re measurin g 
responses of hum a n keratinocytes propaga ted in 
vit ro. whereas Voorhees et a l [4] used " whole ra t 
skin " in orga n cul ture. T he dermis in the la t te r 
system may be influencing t he ep ide rm a l response 
to hi sta mine. A spec ies va ri at ion in the mo lecul a r 
stru cture of the receptor could a lso ex pl a in the 
different res ponses. It see ms quite p robab le t hat 
his ta mine in our ce ll system is acting via t he 
adeny l cyclase system [11- 15]. More spec ifi ca lly, 
in human skin, hista mine has been found to ra ise 
t he leve l of cycli c AMP (K. H a lprin . pe rsona l 
communi cation ). Based on our prev ious studi es 
[16 ] a n increase in in t race llula r cycli c AMP woul d 
inhibi t the fl ow of ce ll s t hrough G 2 . Howeve r. the 
possibili ty that cycl ic GM P leve ls ar e modul ated 
by this a mine cannot be overlooked . 
We were very mu ch in te rested in dete rmining 
whether compounds con ta ining t he imidazo le 
moie ty could eli cit a mi tot ic inhibi tory response. 
T ABLE II. Effect of imidazole compounds Oil hum an 
keratinocyte mitosis in uitro 
M.1. ± SO Percenl Compou nd Cone(,, ) 
Conlrol Tesl Inhibilion 
Hist idine 1 X 10- 3 21.9 ± 2.3 17.:2 ± 3. 1 2 1 
(p < 0.025) 
Urocanic 1 x 10- " 33.5 ± 2.5 30.8 ± 1.3 8 
ac id (p < O.OSO) 
Imidazole 1 X 10- 3 2S.8 ± 1.0 20.0 ± 2.4 22 
ace ta te (p < 0.010) 
1 X 10- ' 2S .8 l.0 2S.S 1.4 0 
(p > 0.3S0) 
Imidazole 1 X 10- 3 25.8 ± 1.0 15.2 1.5 41 
(p < 0.001) 
1 X 10- ' 25 .8 1.0 25.2 3.4 0 
(p > 0.3S0) 
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TABLE Ill . Effect of h istamine analogs on human keratinocyte mitosis in vitro 
Amine Conc( M) 
n-Methylhisla mine 1 X 10- ' 
1 X 10- ' 
1 X 10- ' 
1 X 10- 7 
n,n-Dimelhylhistam ine 1 X 10- ' 
1 X 10- ' 
1 X 10- · 
1 X 10- 7 
n-Acetylhislamine 1 X 10- ' 
I-Methylhi stam ine 1 X 10- ' 
1 X 10- ' 
4-Methylh istam ine 1 X 10- ' 
1 X 10- ' 
TABLE IV . Effect of H ,- and H ,-blocking agents on 
histamine-induced mitotic inhibition in human 
keratinocytes in uitro 
M .1. ± S D Per-
Compound Conc(M) cent Inhi bi-Contro l Test lion 
Histam ine 2 X 10- ' 23.6 ± 2.4 12.5 ± 1.0 47 
(p < 0.00l) 
Pyr ilam ine" I X 10- · 23.6 ± 2.4 23.4 ± 2.9 0 
(p > 0.450) 
Metiamide 1 X 10- ' 2:3.6 ± 2.4 21.4 ± 2.0 9 
(p > 0.100) 
Histamine 2 X 10 • 
+ 23 .6 ± 2.4 22. 1 ± 2. 1 6 
Pyri lamine [ X [0- ' (p > 0.200) 
Histam ine 2 x 10- 6 
+ 23.6 ± 2.4 1. 9.7 ± 4.2 1. 6 
Metiam ide 1 x 10- ' (p > 0.050) 
" Block ing agents were added , " hr before hi stam ine. 
T hi s was especia lly true s ince hi stidine metabo-
li sm is very act ive in the ep iderm is. Our resul ts 
showed t hat neither hi st idine, t he precursor to 
histam ine, nor one of its brea kdown products, 
imidazole acetate, affected our ce ll s. Urocani c ac id 
whi ch is norm a lly found in large quantities in t he 
ep idermis [17) had no effect on mitosis. Imidazo le 
did have a suppress ive effect at 1 x 10- 3 M. S in ce 
M.1. ± SD Percent 
Contro l Test Inhibi tion 
37.0 ± 4.6 6.7 ± 0.8 82 
(p < 0.001) 
37.0 ± 4.6 14.2 1.6 62 
(p < 0.00l) 
23.8 ± 0. 3 11.2 ± 1.4 53 
(p < 0.001) 
21.5 0.7 21.6 ± 1.6 0 
(p > 0.400) 
37.0 ± 4.6 12.4 2.9 66 
(p < 0.001) 
37.0 ± 4.6 15.9 ± 1.0 57 
(p < 0.001) 
23.8 ± 0.3 9.6 ± 1.0 60 
(p < 0.00l) 
21.5 ± 0.7 20.7 ± 1.0 4 
(p > 0.100) 
37 .0 ± 4.6 41.2 ± 7.5 0( + 11) 
(p > 0.150) 
35.8 ± 0.4 22.6 ± 1.8 37 
(p < 0.00 1) 
21.5 ± 0.7 18.6 ± 2.9 14 
(p > 0.050) 
35.8 0.4 21.5 ± 1.7 40 
(p < 0.001) 
23.8 ± 0.3 20.3 2.6 15 
(p < 0.050) 
imidazo le can stimulate cyc li c AMP phosp hodies-
terase activi ty in v it ro (18 ) lead in g to a decrease in 
cyc li c AMP , such a n effect s hou ld lead to a n 
in crease in mitosi s, not a decrease. T he exp la n a-
t ion for t he observed effe ct remains unclear . . 
It is impor ta n t to note t he act ivit ies of t h e 
var ious meth ylated a na logs of hi stam ine. Our data 
wou ld support t he conclus ion that s ide- chai n 
methy lation prese rves the activity of t he histam ine 
molec ule. This is compatible with t he in vivo data 
in other mamm a li a n t issues which suggest t hat t he 
prod ucts of s ide-c ha in methy lat ion a re as act ive or 
even more active t han hi stamine (1 4 ). On t he other 
hand , acety lat ion of t he s ide-cha in terminal ni tro-
gen abo li shed a ll act iv ity. It wou ld be conceivable 
that in sk in in v ivo t he amount of hi stam ine 
ava il ab le to t he ep ide rmi could be co ntrolled 
con venient ly by acety lat ion . And indeed, one of 
the breakdown products of hi s tamine in m a n is 
n-acetylhista mine. It would be of in te rest to ee 
whether huma n sk in , particularly t he ep iderm is . 
has any of t he necessary enzymes to degrade or 
inact ivate hi sta mine, a nd if a ny of t hese enzymes 
a re e levated in hyperproliferative skin diseases 
such as psori as is. 
It wa of some surpr ise to find evide nce that 
hum an ker ati nocytes, at least in vit ro, may have 
specific receptor s ites for hi sta mine. S in ce pyrila-
mine a nd metiamide blocked t he act ion of hista-
mine, no clea r- cu t distin ct ion between H I a nd H2 
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receptors can be made at this t ime . Studies are 
under way to differenti a te the hi sta mine rece ptor 
from the iJ-adrenergic rece ptor. s ince we reported 
ea rli e r that hum a n keratinocytes in vitro may 
contain iJ-receptors 119]. T he ex istence of spec ifi c 
histamine recep tor site on keratinocytes suggests 
that hista mine may playa regulatory role 111 
control of epiderm a l mitos is . 
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